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PREFACE 


This  MIAC  Special  Repon  contains  bibliographic  information  on  pertinent  documents  dealing  with  hot 
isostatic  processing  technology  related  to  metals,  alloys,  and  intermctallics  published  in  the  period  1966  to 
mid- 1992. 

MIAC  is  sponsored  and  administered  by  the  Defense  Technical  Information  Center  (DT1C),  ATTN:  DTIC 
AI,  Cameron  Station.  Building  5,  Alexandria,  Virginia  22304-6145,  under  the  Information  analysis  Centers 
Program  Management  of  Dr.  Forrest  R.  Frank  currently  and  Mr.  Paul  M.  Klinefelter  previously.  MIAC  is 
operated  by  the  Center  for  Information  and  Numerical  Data  Analysis  and  Synthesis  (CINDAS),  Purdue 
University,  2595  Yeager  Road,  West  Lafayette,  Indiana  47906-1398,  under  the  Defense  Logistics  Agency 
(DLA)  Contract  DLA900-90-D-0305. 

MIAC  is  under  the  technical  direction  and  monitoring  of  Mr.  Jerome  Persh,  Staff  Specialist  for  Materials 
and  Structures,  Office  of  the  Director  of  Defense  Research  and  Engineering  (Science  and  Technology), 
ATTN:  ODDR&E  (S&T/AT),  The  Pentagon,  Room  3D1089,  Washington,  DC  20301-3080. 

MIAC  serves  as  the  DoD's  central  source  of  engineering  and  technical  data  and  research  and  development 
information  on  monolithic  metals,  metal  alloys,  intermetallic  compounds,  and  coatings  utilized  in  Defense 
systems  and  hardware.  Data  and  information  on  metal  joints,  welds,  etc.  are  also  covered.  Emphasis  is 
placed  on  those  metals,  alloys,  intermetallic  compounds,  and  coatings  used  in  structural  applications  and/or 
in  stringent  environments. 

Subject  areas  covered  by  MIAC  include  metals  properties  (especially  mechanical  properties  as  a  function 
of  temperature,  and  environmental  conditions);  latest  research  and  development  concepts,  results,  and 
trends;  applications  and  processing  of  metals;  processing  equipment;  measurement  and  tcst'ng  of  metals; 
test  methods;  quality  control  related  to  metals;  corrosion/deterioration  detection,  prevention  and  control, 
and  other  environmental  effects  on  metals  and  systems;  producers,  suppliers,  and  specifications  for  metals 
of  concern  to  the  DoD. 


MIAC  supports  the  Joint  Logistics  Commanders/Joint  Directors  of  Laboratories  Technology  Initiative 
Panel  for  Advanced  Materials,  and  provides  assistance  to  or  receives  guidance  from  other  defense 
programs  and  groups  as  designated  by  the  technical  monitor. 


One  of  the  authors,  J.  F.  Radavich,  is  an  Associate  Professor  in  the  School  of  Materials  Engineering  at 
Purdue  University.  In  addition  to  MIAC  staff  who  are  listed  on  the  cover  of  this  report.  MIAC  staff 
Josephine  C.  F.  Chen,  Tanya  Eurit,  Peamel  Wilson,  Kris  Tomlinson.  Greg  Wood,  and  James  Payne  also 
contributed  to  the  preparation  of  this  report. 
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INTRODUCTION 


Hot  isostatic  pressing  (HIP)  uses  a  combination  of  elevated  temperature  and  an  inert  gas  pressure 
and  is  carried  out  in  pressure  vessels  containing  internal  furnaces.  HIP  was  invented  by  Sailer  ct  al. 
37  years  ago  at  Battclle  Columbus  Laboratories.  An  early  Battelle  report  on  Hot  Isostatic 
Pressing,  by  Hanes  et  al.  [1],  was  first  issued  in  1977.  This  report  co.ered  the  history  of  HIPing. 
manufacturing  systems,  and  studies  of  HIPing  applications  in  the  areas  of  castings,  powder 
consolidation,  and  rejuvenation  of  used  components.  A  more  recent  report  in  1982  by  Clauer  ct  al. 
[2j  reviewed  more  recent  research  dealing  with  the  same  subjects  covered  in  the  first  report.  Such 
studies  confirmed  the  positive  benefits  of  HIPing  in  a  wide  range  of  material  compositions.  The 
period  of  1972-1982  in  the  field  of  HIPing  may  be  considered  as  the  decade  of  experimentation  and 
confirmation  of  HIPing  as  a  viable  process  to  be  used  in  the  production  of  material  components. 

An  important  short  coming  of  the  report  was  the  lack  of  information  on  the  understanding  of  the 
metallurgical  reactions  which  take  place  during  the  HIP  process.  The  majority  of  research  results 
focused  on  the  closure  of  porosity  as  it  affected  mainly  LCF  and  ductility.  Many  possible 
structural  responses  can  occur  when  complex  cast  superalloys  are  heated  in  a  temperature  range  of 
1 875°F  to  2400°F  for  periods  of  two  to  four  hours. 

It  is  well  known  that  superalloys  have  a  wide  solidification  temperature  range,  i.e.  the  temperature 
difference  between  the  Iiquidus  and  solidus.  As  the  molten  metal  slowly  solidifies,  large  grains  and 
primary  carbides  nucleate  and  grow  while  at  the  same  time  the  larger  alloying  elements  diffuse 
slowly  and  segregate  in  the  interdendritic  regions.  External  and  internal  porosity  results  when  the 
last  liquid  cannot  fill  the  intertices. 

The  presence  of  surface  connected  porosity  in  the  large  castings  prohibits  internal  porosity  closure. 
Various  methods  of  bridging  over  the  surface  porosity  prior  to  HIPing  have  been  tried,  but  a  good 
coating  method  is  still  being  sought.  Perhaps,  new  coatings  such  as  new  boron  nitride  lubricant 
paints  may  provide  a  solution  to  this  problem. 

The  HIP  process  can  close  internal  casting  porosity  provided  the  proper  temperature,  pressure,  and 
time  conditions  arc  selected.  At  the  same  time  porosity  closure  is  taking  place,  a  certain  degree  of 
chemical  homogenization  is  also  taking  place.  However,  there  arc  undesirable  reactions  which  can 
occur  depending  on  the  alloy  composition.  When  the  HIP  temperature  is  too  high,  segregated  areas 
are  prone  to  incipient  melting  which  cannot  be  rectified  by  thermal  treatments.  Another  detrimental 
reaction  is  the  breakdown  of  primary  carbides  and  possible  subsequent  formation  of  continuous 
grain  boundary  carbide  films  and  resultant  embrittlement.  In  high  boron  content  alloys,  borides  can 
also  be  solutioned  and  re-precipitated  at  grain  boundaries.  In  Hf  modified  supcralloys.  the  Hf  can 
lose  its  beneficial  effect  by  the  formation  of  HfC. 

It  has  been  the  authors'  observation  that  when  the  as-cast  gamma  prime  (y ')  phase  (the  main 
strengthener  in  superalloys)  is  solutioned  by  high  temperatures  such  as  in  a  HIP  process,  the 
rcprccipitated  y  '  phase  due  to  post  HIP  heat  treatments  docs  not  have  the  same  composition  as  the 
as-cast  y '.  The  effects  on  mechanical  properties  due  to  the  changes  in  such  y '  arc  overshadowed 
by  the  positive  improvements  in  mechanical  properties  with  porosity  closure,  y '  effects  on 
mechanical  properties  may  be  more  evident  in  second  generation  HIP  processing,  i.e.,  first  HIP  of 
castings  to  close  porosity  and  second  HIP  to  rejuvenate  properties. 
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One  summation  of  HIP  temperatures,  pressures,  and  times  for  various  superalloys  is  given  by 
Bouse  and  Mihalisin  [3],  They,  too,  caution  the  use  of  one  blanket  set  of  HIP  parameters  for 
different  alloys  without  preliminary  studies. 

The  uses  of  powders  in  components  for  high  temperature  service  are  mainly  for  disks  and  in  dual 
alloy  configurations.  Powder  materials  are  consolidated  by  cither  HIP,  extrusion,  and/or  HIP  plus 
forging/extrusion.  Powder  compacts  exhibit  fine  grain  structures  and  arc  more  homogeneous  in 
composition  than  cast/wrought  products.  The  fine  grain  nature  of  consolidated  powder  components 
makes  them  suitable  for  low  temperature  applications  like  turbine  disks. 

Two  disadvantages  of  the  powder  components  are  higher  costs  associated  with  powder  production 
and  the  possibility  of  oxide  inclusions  being  present  which  act  as  crack  initiation  sites  for  LCF 
failures.  To  overcome  the  problem  with  oxide  inclusions,  powder  atomization  processes  arc  being 
developed  which  eliminate  or  replace  the  use  of  ceramic  nozzles. 

In  the  field  of  high  temperature  materials,  HIP  rejuvenation  is  now  accepted  as  a  viable  method  for 
reclaiming  components  which  otherwise  would  be  scrapped.  Engine  run  components  suffer  from 
varying  degrees  of  creep  voids,  internal  cracking,  and  structural  degradation.  Used  components 
which  still  meet  all  design  specifications  can  be  HIP  rejuvenated  by  proper  selection  of  HIP 
parameters  and  proper  post  HIP  beat  treatments  to  regenerate  mechanical  properties.  Those  blades 
which  suffer  from  only  long  time  structural  degradation  can  be  easily  rejuvenated  by  thermal 
treatments.  Successful  use  of  HIP  rejuvenation  saves  critical  elements,  reduces  cycle  replacement 
time,  reduces  costs,  and  saves  on  energy. 

References 

1 .  Hanes,  H.  P.,  Seifert,  D.  A.  ana  Watts,  C.  R.,  "Hot  Isostatic  Processing,"  Metals  and 
Ceramics  Information  Center  Report,  MCIC-77-34.  103  pp.,  1977. 

2.  Clauer,  A.  H.,  Mciners,  K.  E.,  and  Boyes,  C.  B.,  "Hot  Isostatic  Processing,"  Metals  and 
Ceramics  Information  Center  Report,  MCIC-82-46.  21 1  pp.,  1982. 

3.  Bouse,  G.  K.  and  Mihalisin,  J.  R.,  "Metallurgy  of  Investment  Cast  Supcralloy  Components"  in 
Superalloys,  Supercomposites  and  Superce ramies,  (Tien,  J.  K.  and  Caulfield.  T..  Editors). 
Academic  Press,  Boston,  Massachusetts.  1989. 


ASSESSMENT  AND  FUTURE  TRENDS  OF  HIP  TECHNOLOGY 

HIP  technology  is  currently  a  very'  mature  technology  anti  is  being  used  to  consolidate  powders  of  all  types, 
close  casting  porosity,  promote  weld  integrity,  rejuvenate  used  turbine  blades  and  vanes,  etc.  After  the  high 
cost  of  HIP  equipment,  the  greatest  consideration  or  deterrent  for  use  of  HIPing  of  materials  is  the  high  cost 
of  the  cycle  time.  As  the  number  of  parts  per  HIP  run  is  increased,  the  cost  per  unit  decreases,  but  w  ith  the 
need  to  HIP  large  castings,  the  cost  per  unit  remains  very  high. 

A  summary  of  the  research  activities  in  the  HIP  technology  for  powder  and  east  components  is  presented  in 
the  following  table. 


Summary  of  Research  Activities 
in  HIP  Technology  for  Powder  and  Cast  Components 


Number  of  Publications* 

Alloy 

1966- 

1970- 

1975- 

1980- 

1985- 

1990- 

Total 

1969 

1974 

1979 

1984 

1989 

1992 

_ _ _ _ 

Aluminum 

n 

(0) 

6 

(0) 

4 

(0) 

D 

P 

(3) 

54 

Beryllium 

3  (0) 

23 

(0) 

26 

(0) 

8 

(0) 

_ 

3 

(0) 

0 

(0) 

63 

P 

(2) 

4 

(2) 

D 

■ 

(3) 

2 

(0) 

36 

Iron 

\ 

1 1  (5) 

26 

(5) 

37 

(13) 

15 

(7) 

10 

(1) 

130 

25 

_ 

(4) 

84 

(61) 

41 

(53) 

p 

389 

1 

mm 

P 

(1) 

5 

(0) 

3 

(0) 

19 

11  (1) 

34 

(27) 

84 

(35) 

D 

r 

«» 

265 

Intcrmctallics 

ID 

(2) 

17 

(4) 

42 

(3) 

74 

L_1 

(0) 

90 

(14) 

168 

(71) 

250(116) 

139 

(95) 

70 

(14) 

1 .030 

*  Number  in  parentheses  arc  for  cast  components. 
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The  major  thrust  of  the  research  in  the  early  to  mid-Seventies  was  to  use  beryllium  to  fabricate  structural 
materials  by  HIPing.  Attempts  to  develop  cast  and  wrought  beryllium  products  resulted  in  limited 
commercial  success.  Powder  metallurgy  techniques  have  been  used  to  fabricate  components  for  structural 
applications.  Since  beryllium  is  a  relatively  expensive  material,  most  of  the  efforts  wci :  on  the  other  cost 
cutting  measures  such  as  machining  costs,  scrap  losses,  and  development  of  net  shape  components. 
However,  interest  in  using  HIPing  technology  for  commercial  fabrication  of  structural  components  slowly 
diminished  which  is  evident  from  the  number  of  documents  published  in  the  Eighties.  Research  activities  in 
this  decade  were  concentrated  on  nickel  (and  to  a  lesser  extent,  iron)  superailoys  and  titanium  alloys.  The 
relative  case  to  produce  near  net  shape  components  was  the  driving  force  behind  acceptance  of  superailoys. 
Interests  in  the  intermetallic  alloys  have  increased  significantly  in  the  late  Eighties  and  early  Nineties. 


Superailoys 

Large  Structural  Castings 

The  development  of  new'  aircraft  engines  requires  larger  and  more  complex  structural  castings.  It  is 
estimated  that  the  use  of  castings  will  increase  by  a  factor  of  four  before  1994  and  the  use  of  castings 
greater  than  40  inches  will  increase  even  more  substantially. 

Currently,  large  structural  components,  such  as  cng.nc  cases,  rings,  frames,  and  supports,  arc  maac  of 
various  cast  and  wrought  pieces  joined  together  by  welding  and/or  brazing.  If  extensive  welding  is  required, 
distortion,  increased  costs,  and  long  cycle  times  result. 

An  example  of  one  such  structural  component  is  the  CF6-80A  turbine  frame  made  of  alloy  718  and 
weighing  over  150  Kg  (330  lb.)  and  135  cm  (53.15  in.)  diameter  with  61  separate  pieces  of  varying  wall 
thicknesses  which  must  be  joined  by  welding.  By  producing  this  component  as  a  single  casting,  cycle  time 
and  distortion  is  greatly  reduced  and  a  $20,000  cost  reduction  is  realized. 

Large  structural  castings  are  also  being  made  of  newer  cast  alloys  such  as  Rene-220C.  GTD-222.  Rene- 
108  and  IN-939.  The  trend  is  to  go  to  Ni  base  superailoys  for  higher  temperature  applications  and  greater 
oxidation/sulphidation  resistance.  However,  the  structural  responses  to  high  temperature  thermal 
treatments  like  welding  repair.  HIP,  and  longtime  service  needs  to  be  characterized. 

In  order  to  successfully  HIP  Fine  grain  components  without  grain  growth,  the  HIP  ‘emperaturcs  must  be 
lower  and  the  pressures  higher.  The  HIP  parameters  selected  must  close  porosity,  minimize  grain  growth, 
and  partially  homogenize  segregation.  Generally,  fine  grain  castings  arc  given  prcHIP  thermal  treatments  to 
help  reduce  segregation  so  as  to  minimize  potential  incipient  melting. 

At  this  same  time,  casting  vendors  have  developed  new  casting  techniques  to  produce  fine  grains  and 
incorporating  a  HIP  step  to  clo-c  porosity.  Advances  in  wax  and  mold  technologies  coupled  with  the  use  of 
robotics  for  dipping  large  molds  made  possible  production  of  large  structural  castings.  Two  fine  grain 
casting  processes,  Graincx  and  Microcast-X  have  been  developed  by  the  Howmct  Corporation,  as  well  as  a 
fine  grain  process  by  Precision  Castparts. 

Two  main  problems  exist  in  the  HIPing  of  large  castings.  The  first  problem  is  that  larger  HIP  furnaces  are 
required  to  accommodate  the  larger  structural  castings  of  the  future.  Currently.  HIP  furnace  manufacturers 
are  developing  or  have  developed  furnaces  with  hot  zones  up  to  60  inches  in  diameter. 

The  second  critical  problem  in  HIPing  is  that  the  cycle  time  for  a  HIP  nin  is  too  long.  Because  the  long 
cool  down  in  the  HIP  furnace  produces  undesirable  structures,  a  post  HIP  solution  heat  treatment  is 
necessary  before  final  aging  can  take  place  to  develop  the  mechanical  properties.  Two  procedures  are 
currently  being  explored  to  reduce  cycle  time.  One  method  involves  the  cooling  of  the  pressurizing  gas  by 
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external  heat  exchangers.  A  process  to  do  this  has  been  developed  by  ABB  Autoclave  Systems,  Inc.  which 
is  called  "HIP  Quenching."  The  other  method  is  to  cool  the  pressurizing  gas  by  introduction  of  cool  gas. 
Both  methods  are  promising  but  the  critical  factor  is  w  hether  the  material  can  be  cooled  uniformly. 

Quick  HIP 

A  recent  development  to  reduce  ycle  time  is  a  process  called  Quick  HIP.  In  this  process  the  material  is 
first  heated  externally  to  the  HIP  furnace  and  then  given  a  quick  HIP  at  high  pressures  in  a  pressurized 
furnace.  1  t,;s  technology  would  reduce  the  heating  and  cooling  part  of  the  conventional  HIP  cycle.  This  is 
sit i  1  in  the  experimental  stages  for  this  technology  . 

Cast  Turbine  Blades 

During  the  decade  of  1982-1992,  equiaxed  and  D.  S.  turbine  blades  were  being  routinely  HIPed  to  close 
casting  porosity.  Since  most  of  the  blade  components  are  large  grain  structures,  grain  growth  during 
HIPing  is  not  a  problem.  However,  in  the  case  of  single  crystal  blades,  closure  of  casting  porosity  at  high 
temperatures  may  be  accompanied  by  the  formation  of  areas  of  small  rccrystallized  grains  which  are 
unacceptable  for  high  temper,  .ure  operation.  Opinions  are  divided  over  whether  to  HIP  single  crystals  due 
to  the  possibility  of  producing  recrystallized  grains:  however,  more  single  crystal  blades  are  being  HIPed 
without  encountering  the  recrystallization  effect.  Since  the  Iltn  temperature  controls  the  tendency  for  the 
rccrystallization  process,  HIPing  of  single  crystal  blades  should  be  done  at  the  lowest  possible  HIP 
temperature  for  porosity  closure. 

Turbine  Disks 

Currently  some  turbine  disks  are  made  of  powder,  but  the  majority  of  disks  are  small  grain  wrought 
products.  Materials  being  considered  for  disk  applications  are  conventional  alloys  b  it  ubsolvus  (gamma 
prime)  processed  to  retain  fine  grain  structures.  However,  when  these  materials  are  subsol vus  processed, 
the  yield  of  the  final  component  is  so  low  that  the  resultant  high  material  cost  makes  powder  disks  of  the 
same  composition  very  competitive. 

HIP  rejuvenation  studies  of  used  wrought  turbine  disks  have  been  unsuccessful  since  the  high  temperatures 
involved  in  the  HIP  process  produces  large  grain  growth.  This  would  make  such  disks  unacceptable  for 
low  temperature  applications.  However,  used  powder  turbine  disks  might  be  amenable  to  HIP  rejuvenation 
since  fine  grains  in  powder  components  resist  grain  growth  to  a  much  higher  temperature  than  their 
wrought  counterparts. 


Titanium  Alloys 

The  strength  to  density  ratio  of  titanium  alloys  coupled  with  their  fracture  toughness  and  fatigue  properties 
make  them  attractive  for  aeronautical  and  space  applications.  First  Ti-6A1-4V  and  later  Ti-6AI-2Sn-4Zr- 
2Mo  were  used  in  early  gas  turbine  engines  but  as  the  operating  temperature  increased  these  were  replaced 
with  nickel  supcralloys.  In  advanced  gas  turbine  engines,  titanium  alloys  arc  used  mainly  as  compressor 
discs  and  fan  blades.  Today  titanium  alloys  arc  more  important  as  structural  materials  for  modem 
warplanes  and  spacecraft. 

Research  on  HIPing  of  titanium  alloys  focused  mainly  on  fabrication  of  powder  components  and  near  net 
shape  forming.  These  processes  make  titanium  alloys  more  economical  by  increasing  low  temperature 
strength  and  while  limiting  scrap  material  and  machining  cost.  This  was  demonstrated  by  using  P/M  neat 
net  shaped  Ti-6Al-6V-2Sn  for  fuselage  braces  on  the  navy  F-14A.  Also  investigated  was  increasing  the 
performance  of  titanium  castings  as  well  as  repair  and  rejuvenation  of  used  titanium  eastings.  HIPing  of 
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titanium  castings  can  close  cracks  and  remove  the  porosity  thus  increasing  the  strength  and  fatigue  life. 
HIPing  is  essential  for  castings  that  are  to  be  machined  or  welded. 


Intermetallics 

The  main  advantages  of  intermetallic  alloys  over  conventional  alloys  for  high  temperature  structural 
applications  are  high  melting  points,  low  density,  good  high  temperature  strength  and  oxidation  resistance. 
While  the  major  disadvantages  have  been  room  temperature  ductility  and  fabrication,  pursued  mainly  as 
aircraft  turbine  engine  materials,  the  aluminidcs  and  silicidcs  have  shown  the  most  promise.  Particularly, 
monolithic  as  well  as  composites  of  TiAl,  Ti^Al.  TbAlNb,  NiAl  and  MoSi2  have  been  considered  for  both 
compressor  blades,  vanes,  discs  and  shafts  and  turbine  blades,  discs  and  nozzics. 

Other  intermetallic  alloys,  most  noticeably  Fe^Al  and  Ni^Al,  are  already  in  use  as  or  are  being  tested  for 
applications  such  as  dies  for  Fe-B-Nd  automotive  magnets,  automotive  turbocharger  rotors,  roller  bearings, 
hydroturbines  and  feed  water  pumps  with  improved  cavitation  erosion  resistance,  heating  elements  for 
toasters  and  clothes  dryers,  hot  gas  filters  for  coal  gassification  systems  and  coatings  for  oxidation  and 
sulfidation  resistance. 


Recommendations 

It  is  an  accepted  fact  that  porosity  closure  of  castings  reduces  the  amount  of  materials  scrapped,  but  care 
should  be  exercised  to  reject  any  trend  to  lower  the  initial  high  quality  of  materials  on  the  premise  that 
HIPing  will  make  poor  quality  materials  good. 

In  the  future  more  emphasis  should  be  placed  on  the  re-use  of  engine  run  components  by  application  of  the 
HIP  rejuvenation  technologies.  In  addition,  ongoing  structural  studies  coupled  with  HIP  cycles  need  to  be 
carried  out  on  newer  and  more  complicated  cast  alloys  which  are  being  considered  for  'ong  time  operation 
at  increasingly  higher  temperatures. 
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ORGANIZATION 


The  Bibliography  on  Hot  Isostatic  Pressing  (HIP)  Technology  presented  here  is  concerned  with  HIP  of 
unalloyed  metals,  metal  alloys,  and  intermctallic  compounds.  Most  of  the  literature  cited  deals  with 
structural  materials  and/or  materials  designed  to  perform  at  high  temperatures.  The  emphasis  is  placed  on 
HIP  techniques,  microstructural  changes,  and  effects  on  creep,  fatigue,  corrosion,  and  mechanical 
properties. 

This  bibliography  contains  950  individual  citations  published  from  1966  to  mid- 1992  and  covers  over  450 
different  materials  organized  on  three  hierarchical  levels.  The  first  level  is  the  material  processing  (powder 
metallurgy,  casting,  or  miscellaneous);  the  second  is  material  class  (nickel  alloys,  aluminum  aiioys. 
intermetallic  compounds,  and  so  forth);  and  the  third  is  the  specific  alloy  (Udimct  700,  NiAl,  Ti-6AI-4V, 
and  so  forth).  Within  each  level,  a  miscellaneous  category  contains  cither  undefined  materials  or  specific 
materials  for  which  there  were  insufficient  entries  to  warrant  a  separate  category. 

The  miscellaneous  category  in  the  first  level  contains  all  materials  that  could  not  be  properly  identified 
either  as  powder  metallurgy  or  cast  materials.  This  section  also  includes  citations  on  HIP  equipment, 
computer  simulations,  or  theoretical  models.  In  the  second  level,  the  miscellaneous  category  includes 
citations  on  material  classes  that  do  not  warrant  separate  sections  and  citations  that  specify  the  processing 
condition  but  not  the  material  class.  For  example,  the  "Powder  Mctallurgy/Miscellancous "  section  may 
include  a  citation  with  information  on  ball  milled  material  without  detailing  material  class  as  well  as  a 
citation  for  powder  metallurgy  Mg-5Li-5Si  alloy.  At  the  innermost  or  third  level,  the  miscellaneous 
category  contains  those  specific  materials  with  only  a  few  citations  and  materials  referred  to  by  material 
class  only.  A  citation,  for  example,  on  cast  aluminum  alloys  which  does  not  specify  alloy  type  would  be 
found  in  the  section  for  "  Cast  Materials/Aluminum  Alloys/Miscellaneous  Materials,"  along  with  a  citation 
on  cast  AA  6061  which  has  only  a  few  citations.  A  complete  alphabetical  list  of  materials  covered  in  this 
report,  with  the  pages  on  which  they  appear,  is  included  at  the  end  of  the  report  under  "MATERIALS 
LIST."  An  alphabetical  list  of  the  most  common  keywords  is  also  included  in  the  "INDEX  TERMS." 

This  report  is  organized  so  that  each  section  is  complete  and  self-contained.  This  means  that  a  given 
citation  is  listed  more  than  once  whenever  the  cited  work  covers  more  than  one  material.  An  entry  for  a 
journal  article  on  the  "Microstructure  and  Property  Improvements  in  7075  and  8090  Aluminum  Alloys  by 
Spray  Forming”  will  be  cited  in  the  section  for  AA7075  and  also  will  be  repeated  in  the  section  for 
AA8090.  An  entry  for  a  report  on  the  "Mechanical  Property  Difference  Between  HIP  Powder  Metallurgy 
and  HIP  Cast  TL6A1-AV"  will  be  cited  in  the  "Powder  Metallurgy"  section  as  well  as  in  the  "Castings" 
section  for  that  material.  By  organizing  the  report  in  this  fashion,  cross  referencing  is  eliminated;  all 
pertinent  entries  are  listed  under  every  area  of  coverage,  and  only  the  area  or  areas  of  interest  need  to  be 
searched  to  find  the  needed  information.  Citations  in  each  section  ate  listed  in  reverse  chronological  order. 
This  should  make  searches  quicker  and  more  efficient. 

For  alloys  that  have  different  commercial  designations  but  the  samc/similar  composition,  and  are  therefore 
considered  the  same  material,  a  list  of  those  encountered  in  the  report  appears  below: 

1 .  Udimet  700,  Astroloy ,  APK 1 ,  Nimonic  AP 1 ,  Rene'  77 

2.  MA753,  IN-853 
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3.  C-103,  WC-103 

4.  Alloy  454,  PWA  1480 

5.  Mar-M250,  Maraging  (250) 

6.  Rene  150,  PA  101  (low  C) 

7.  Inconel  718,  IN-718,  Pyromet  718 

8.  X-40,  X-45  (low  C) 

9.  Maraging  300,  Vascomax  300 

1 0.  HP  9-4-20  steel,  9Ni-4Co 

11.  A-286,  JBK-75 

12.  IN-100,  Rene' 100 

To  facilitate  document  acquisition,  the  appropriate  identification  numbers  are  provided:  the  Defense 
Technical  Information  Center  (DTIC)  AD-  number;  Department  of  Defense  (DoD)  or  NASA  report 
number,  for  government  sponsored  reports;  corporate  report  number,  for  items  that  do  not  have  a 
government  report  number;  the  contract  number,  when  a  report  number  is  not  available.  For  reports 
produced  outside  of  North  America,  an  NTIS  number,  if  available,  is  cited  instead  of  a  report  or  contract 
number. 
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properties,  microstructure,  splat  quenching 


10.  Rapidly  Solidified  (RS)  Aluminum  Alloys-Status  and  Prospects 
Author  Anon 

National  Materials  Advisory  Board  (NAS-NAE),  Washington  DC 
Final  Report 

Rept  No  :  NMAB-368,  130  pp.,  1981  (  AD-B058  007L  ) 

Key  Words:  AA  7475,  MA67,  MA87,  AA  2124,  AA  7075,  extrusion,  rapid 
solidification,  dendrite  structure 


11.  RSR- A  Frontier  in  Materials 

Tortolano  F.  W. 

Design  News  37  (8),  34-6,  1981  (  AD-D121  254  ) 

Key  Words:  AA  7075-T6,  AA  2014,  turbine  components,  creep  rupture,  tensile 
properties,  fatigue,  rapid  solidification,  cost 


12.  Aluminum  Powder  Metallurgy  Technology  for  High  Strength  Applications 
Pickens  J 

J  Mater  Sci  16  (6),  1437-57,  1981  (  AD-D121  608  ) 

Key  Words:  AA  3003,  AA  5083,  AA  2024-T4.  AA  7075-T6,  AA  2024-T3510.  AA 

7075-T6510,  MA67,  MA87, 1N9051,  AA  7075-T73,  AA  7475-T651.  AA 
7475-T7351,  AA  7050-T365 1 ,  AA  7050-T651,  AA  7050-T7351,  A  A 
2124-T851,  Al-4Ti,  Al-8Fe,  degassing,  tensile  properties, 
fatigue,  fracture  toughness,  stress  corrosion 


13.  Powder  Metallurgy  Production  Processes 

Clark,  L.  P. 

AGARD  Structures  and  Materials  Panel,  18  pp.,  1974  (  AD-D102  694  ) 

Key  Words:  IN- 100,  AA  7075-T6,  IN-792,  Ti-6A1-4V,  turbine  components, 
nondestructive  testing 


14.  Structure  and  Property  Control  through  Rapid  Quenching  of  Liquid  Metals 

Grant,  N.  J.,  Pelloux,  R.  M„  Flemings,  M.  C.,  Argon,  A.  S. 

Massachusetts  Institute  of  Technology,  Center  for  Materials  Science  and  Engineering, 

Cambridge,  MA 

Final  Technical  Report 

Contract  No  :  DAHC15-70-C-0283 

411  pp.,  1973  (AD-775  225  ) 

Key  Words:  AA  7075,  AA  2024,  AISI  1045,  IN- 100.  MAR-M509,  Maraging  300. 
tensile  properties 


15.  Structure  and  Property  Control  Through  Rapid  Quenching  of  Liquid  Metals 

Grant,  N.  J.,  Pelloux,  R.  M.,  Flemings,  M.  C.,  Argon,  A.  S. 

Massachusetts  Institute  of  Technology,  Center  for  Materials  Science  and  Engineering. 
Cambridge,  MA 

Semi-Annual  Technical  Report  Number  Four,  Jan-Jul  1972 
Contract  No  :  DAHC15-70-C-0283 
140  pp„  1972  (AD-749  679) 

Key  Words:  AA  7075,  IN- 100,  MAR-M509,  AISI  1045.  Maraging  300. 
microstructure,  fractography,  tensile  properties 
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16.  Equipment  for  Hydrostatic  Pressing  of  Metal  Powders 

Boyer,  C.  B.,  Peterson,  J.  H.,  Orcutt,  F.  D, 

Battelle  Memorial  Institute,  Columbus,  OH 

Proc  27th  National  Conf  on  Fluid  Power,  Chicago,  1L,  Oct.  71 

34  pp..  1971  (AD-181  509) 

Key  Words:  AA  7075,  sintering,  hot  rolling,  hot  forging 


AA  7090 


1.  Recent  R  &  D  of  Aluminum  Alloys  for  Aircraft  Applications-  Part  3,  Powder 
Metallurgy  Alloys 

Yamauchi,  S. 

Sumitomo  Light  Metal  Technical  Reports  29  (1),  69-81,  1988  (  AD-DI38  979  ) 

Key  Words:  AA  7091,  AA  7090,  A  A  7064,  AA  7075,  AA  7050,  mechanical  alloying, 
tensile  properties,  fatigue,  fracture  toughness 


2.  Powder  Metallurgy  of  Light  Metal  Alloys  for  Demanding  Applications 

Froes,  F.  H.,  Pickens,  J.  R. 

Air  Force  Wright  Aeronautical  Labs,  Wright-Patterson  AFB,  OH 
Met  Rept  No  :  AFWAL-TR-84-4084,  36  (1),  18  pp„  1984  (  AD-A142  066  ) 
Key  Words:  AA  7090,  A  A  7091 ,  Ti-6A1-4V,  rapid  solidification,  mechanical 
attritioning,  tensile  properties 


3.  Powder  Metallurgy  Gaming  Trust  of  Aero  Designers 

Wigotsky,  V. 

Aerospa  Amer  22  (3),  90-4,  1984  (  AD-D129  541  ) 

Key  Words:  Ti-6A1-4V,  RENE’  95,  AA  7090,  AA  7091,  Al-8Fe,  turbine  components, 
shear  properties,  compressive  properties,  net  shape  forming 


4.  The  New  Frontiers  of  Powder  Metals 

VflCCSH  J 

Amer  Mach  127  (5),  121-36,  1983  (  AD-D127  193  ) 

Key  Words:  AA  7090,  AA  7091, 1N9052,  Ti-6A1-4V,  Monel  400,  Inconel  600.  RENE’ 
95,  Cb291,  Udimet  700,  IN- 100,  AF-1 15,  Inconel  625,  net  shape 
forming,  injection  molding,  applications,  forging 


5.  Forging  Technologies  for  the  Aerospace  Industry 
Gold,  R. 

Precis  Met  40  (1 1),  81-4,  1982  (  AD-D126  118) 

Key  Words:  AA  7075,  AA  X7090,  AA  X7091,  Boeing  757,  aircraft  structures,  net 
shape  forming 


AA  7091 


1,  Recent  R  &  D  of  Aluminum  Alloys  for  Aircraft  Applications-  Part  3,  Powder 
Metallurgy  Alloys 

Yamauchi,  S, 

Sumitomo  Light  Metal  Technical  Reports  29  (I),  69-81.  1988  (  AD-D138  979  ) 

Key  Words:  AA  7091 ,  AA  7090,  AA  7064,  AA  7075.  AA  7050,  mechanical  alloying, 
tensile  properties,  fatigue,  fracture  toughness 
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2.  Powder  Metallurgy  of  Light  Metal  Alloys  for  Demanding  Applications 
Froes,  F.  H.,  Pickens,  J.  R. 

Air  Force  Wright  Aeronautical  Labs,  Wright-Patterson  AFB,  OH 
Final  Report 

Met  Rept  No  :  AFWAL-TR-84-4084,  36  (1).  18  pp„  1984  (  AD-A142  066  ) 
Key  Words:  AA  7090,  AA  7091,  Ti-6Af-4V,  rapid  solidification,  mechanical 
attritioning,  tensile  properties 


3.  Powder  Metallurgy  Gaining  Trust  of  Aero  Designers 

Wigotsky,  V. 

Aerospa  Amer  22  (3),  90-4,  1984  (  AD-D129  541  ) 

Key  Words:  Ti-6A1-4V,  RENE’  95,  AA  7090,  AA  7091 ,  Al-8Fe,  turbine  components, 
shear  properties,  compressive  properties,  net  shape  forming 


4,  Mechanical  Property  Microstructure  Relationships  in  Alloys 

Eylon,  D„  Kim,  Y.  W, 

Metcut  Research  Associates  Inc.,  Materials  Research  Group,  Wright-Patterson  AFB,  OH 
Final  Report  Sep  79-Jan  83 

Rept  No  :  AFWAL-TR -83-41 31,  54  pp„  1983  (  AD-D139  731L  ) 

Key  Words:  Ti-6AI-4V,  AA  7091,  IN9051,  AA  7075,  turbine  components,  tensile 
properties,  fatigue,  bending 


5,  The  New  F rentiers  of  Powder  Metals 

Vaccari,  J.  A. 

Amer  Mach  127  (5),  121-36,  1983  (AD-D127  193  ) 

Key  Words:  AA  7090,  AA  7091, 1N9052,  Ti-6Ai-4V,  Monel  400,  Inconel  600,  RENE’ 
95,  Cb291,  Udimet  700,  IN-100,  AF-1 15,  Inconel  625.  net  shape 
forming,  injection  molding,  applications,  forging 


6.  Forging  Technologies  for  the  Aerospace  Industrv 

Gold,  R. 

Precis  Met  40  (1 1  >,  81-4,  1982  (  AD-D126  118) 

Key  Words:  AA  7075,  AA  X7090,  AA  X7091 ,  Boeing  757,  aircraft  structures,  net 
shape  forming 


Miscellaneous  Aluminum  Alloys 


1.  Preservation  of  the  Metastable  Microstructure  of  Rapidly  Solidified  Aluminum-Lithium 
Powder  and  its  Hot  Densification 

Chen,  Z.,  Jiang,  X.,  Wang,  Y.,  Zhou,  D.,  Huang,  P. 

Zhongnan  Kuangye  Xueyuan  Xuebao  22  (1 ),  65-73,  1991 
Key  Words:  Al-2.52Li-l.6Cu-l.2Mg-0.2Zr,  rapid  solidification,  microscopy, 
microstructurc 


2.  Microstructural  and  Property  Improvements  in  7075  and  8090  Aluminum  Alloys  by  Spray 
Forming 

Lewis,  R.  E.,  Davinroy,  A1  T„  Kaufman,  M.  J. 

Metal  Powder  Industries  Federation,  Princeton,  NJ 
Proc  Symp  P/M  in  Aerospace  and  Defense  Technologies  185-92,  1991 
Key  Words:  AA  7075,  AA  8090,  properties  improvements,  spray  forming,  tensile 
properties,  fracture  toughness 
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Fabrication  of  the  D0(22)-Type  IntermetaJlic  Compound  A13Ta  via  Powder  Metallurgy 
Processes  and  its  Characterization 

Pak.  H.  R.,  Pak.  J.  S.  L„  Rigsbec,  J.  M..  Wavman,  C.  M. 

Mater  Sci  Eng  A  A128  ( 1 ),  129-39,  1990  (  AD  D  144  120) 

Key  Words:  Al(3)Ti,  aluminum,  tantalum,  crystal  structure,  lattice 
parameters,  phase  diagram,  density,  dislocations,  grain 
boundaries,  deformation,  fabrication 


Electrochemical  Study  on  HIP  Treated  Al-Zn-Mg  P/M  Alloys 
Inque,  T.,  Oki,  T. 

J  Jpn  Inst  Light  Metals  39  ( 1 2).  907- 1 1 .  1 989  (  AD-D 1 42  902  ) 

Key  Words:  aluminum  alloys,  zinc  addition,  magnesium  addition,  corrosion, 
hardness,  passivation  current 


Recent  R  &  D  of  Aluminum  Alloys  for  Aircraft  Applications--  Part  3,  Powder 
Metallurgy  Alloys  * 

Yamauchi,  S. 

Sumitomo  Light  Metal  Technical  Reports  29(1),  69-8 1 ,  1 988  (  AD-D  1 38  979  ) 

Key  Words:  AA  7091,  AA  7090,  AA  7064.  AA  7075,  AA  7050,  mechanical  alloying, 
tensile  properties,  fatigue,  fracture  toughness 


Production,  Compaction  and  Application  of  Metal  Powders 

Kawai,  N„  Honma.  K.,  Takisawa,  H.,  Iwai.  K.,  Hirano.  M. 

Met  Powder  Rept  43  (1 ),  21-5,  1988  (AD-D  139  117) 

Key  Words:  300M,  Waspaloy,  Inconel  718.  AA  2218,  AA  2219,  AA  2618,  A1SI 

52100,  atomization,  rapid  solidification,  tensile  properties,  net  shape  forming 


Advanced  Processing  and  Properties  of  High  Performance  Alloys 

Koss,  D.  A. 

Department  of  Materials  Science  and  Engineering.  Pennsylvania  State  University, 

University  Park,  PA 

Technical  Report  Number  Six 

Contract  No  :  N00014-86-K-038 1 

41  pp.,  1987  (  AD-A183  566  ) 

Key  Words:  titanium,  Ti-lOAl,  AA  7075,  AA  1 100,  erbium  addition,  porosity, 
voids,  rapid  solidification,  fatigue,  deformation,  fracture  mechanics 


Advanced  Processing  and  Properties  of  High-Performance  Alloys 

Koss,  D.  A. 

Department  of  Metallurgical  Engineering,  Michigan  Tech  University,  Houghton 
Technical  Report  Number  Four 
Contract  No :  N00014-85-K-0427 
19  pp.,  1986  (  AD- A 167  404  ) 

Key  Words:  Ti-6A1-4V,  AA  7075-T6,  AA  1 100,  AISI  316.  fabrication,  rapid 
solidification 


Hot  Isostatic  Press 
Author  Anon 

Foreign  Technology  Division.  Wright-Patterson  AFB,  OH 
Rept  No  :  FTD-ID(RS)T- 1 406-84,  65  pp.,  1985  (  AD-B093  100L  ) 

Key  Words:  Ti-6Ai-4V.  B-1900,  IN-738.  RENE'  77,  IN-792,  RENE'  80.  AA  C355.  AA 
A3  56,  142-T4 


10.  Advanced  Processing  and  Properties  of  High-Performance  Alloys 

Koss,  D.  A. 

Department  of  Metallurgical  Engineering.  Michigan  Tech  University,  Houghton 
Annual  Technical  Report  Number  Three 
Contract  No  :  N00014-85-K-0427 
19  pp.,  1985  (  AD-AI63  469) 

Key  Words:  Ti-6A1,  AA  7075-T6,  AA  1 100,  tensile  properties,  fatigue,  rapid 
solidification 


11.  Experimental  and  Theoretical  Studies  of  Creep  Crack  Growth 

Pelloux,  R.  M.,  Bain,  K.  R.,  Bensussan,  P. 

Massachusetts  Institute  of  Technology,  Cambridge,  MA 
Final  Report 

Rept  No  :  AFOSR-TR-84-0387,  1 46  pp.,  1 984  (  AD-A 141  193) 

Key  Words:  AA  22 19-T85 1 ,  Udimet  700,  MERE  76,  IN- 1 00,  RENE’  95,  creep, 
cracking,  tensile  properties,  creep  rupture 


12.  Mossbauer  Spectrometry  :  Testing  of  a  New  Computer  Based  System  and  its  Application 
to  a  Study  of  an  Aluminum-Iron-Cerium  Alloy 
Harmon,  J.  F„  Jr. 

School  of  Engineering,  Air  Force  Institute  of  Technology,  Wright-Patterson  AFB.  OH 
Master’s  Thesis 

Rept  No  :  AFIT/GNE/PH/84M-6,  80  pp.,  1984  (  AD-A151  826  ) 

Key  Words:  Al-8Fe,  microstructure,  modelling,  vacuum  degassing 


13.  Powder  Metallurgy  Gaining  Trust  of  Aero  Designers 

Wigotsky,  V. 

Aerospa  Amer  22  (3),  90-4,  1984  (  AD-D129  541  ) 

Key  Words:  Ti-6A1-4V,  RENE’  95,  AA  7090,  AA  7091,  Al-8Fe,  turbine  components, 
shear  properties,  compressive  properties,  net  shape  forming 


14.  Mechanical  Property  Microstructure  Relationships  in  Alloys 

Eylon,  D„  Kim,  Y.  W. 

Metcut  Research  Associates  Inc.,  Materials  Research  Group,  Wright-Patterson  AFB.  OH 
Final  Report  Sep  79- Jan  83 

Rept  No  :  AFWAL-TR-83-4131,  54  pp..  1983  (  AD-D139  73 1L  ) 

Key  Words:  Ti-6A1-4V,  AA  7091 ,  IN9051,  AA  7075,  turbine  components,  tensile 
properties,  fatigue,  bending 


15.  The  New  Frontiers  of  Powder  Metals 

Vaccari.  J.  A. 

Amer  Mach  127  (5),  121-36,  1983  (  AD-D127  193  ) 

Key  Words:  AA  7090,  AA  7091,  IN9052,  Ti-6A1-4V,  Monel  400.  Inconel  600.  RENE' 
95,  Cb291,  Udimet  700,  IN-100,  AF-1 15,  Inconel  625.  net  shape 
forming,  injection  molding,  applications,  forging 


16.  Rapid  Solidification  Processing:  Status  and  Facilities 
Author  Anon 

National  Materials  Advisory  Board  (NAS-NAE),  Washington  DC 
Final  Report 

Rept  No  :  NMAB-401,  101  pp.,  1982  (  AD-B070  174L  ) 

Key  Words:  aluminum  alloys,  titanium  alloys,  melt  spinning,  test  equipment 
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17.  Treatment  Processes  of  Light  and  Heat  Resistant  Alloys 

Belov,  a  F.,  Tselikov,  A.  I.,  Trishkin,  V.  G.,  Rakovskly,  V,  S.,  Rykalin,  N.  N, 
Foreign  Technology  Division,  Wright-Patterson  AFB,  OH 
Rept  No  :  FTD-ID(RS)T-04 1 2-82,  335  pp„  1982  (  AD-B070  680L  1 
Key  Words:  alumintM  alloys,  titanium  alloys,  mechanical  properties,  fatigue, 
cracking 


18.  Fundamentals  of  Compaction  Processes  for  Rapidly  Quenched  Prealloyed  Metal  Powders 

Hildeman,  G.  J.,  Lege,  D.  J.,  Vasudevan,  A.  K. 

Aluminum  Company  of  America,  Alcoa  Technical  Center,  Alcoa  Center,  PA 
Final  Technical  Report  Jul  79-Sep  81 

Rept  No  :  AFWAL-TR-82-4156,  217  pp„  1982  (  AD-B083  ■  94L  ) 

Key  Words:  Al-2Mn,  rapid  solidification,  fracture  toughness,  tensile 
properties,  creep  rupture 


19.  Non-Destructive  Evaluation  of  Defects  in  Structural  Materials  Using  Long-Wavelength 
Neutrons 

Fatemi,  M„  Rath,  B.B. 

Naval  Research  Lab,  Washington  DC 
Annual  Report  Number  Three 

Rept  No  :  NRL-MR-4749,  37  pp„  1982  (  AD-A1 1 3  500 ) 

Key  Words:  Al-4Cu,  Ti-6A1-4V,  21-6-9  steel,  microstructure,  neutron 
scattering,  tensile  creep,  plastic  deformation 


20.  Effects  of  Manufacturing  Processes  on  Structural  Allowables 

Jones,  Dana  J.,  Ford,  S.  C. 

Battelle  Memorial  Institute,  Columbus,  OH 

Rept  No  :  AFWAL-TR-82-4136,  168  pp„  1982  (  AD-A122  963  ) 

Keywords:  Ti-6Ai-4V,  10V2Fe3Al-Ti  alloy,  CT-91-TTE69  aluminum  alloy,  AF-1410 
steel,  extrusion,  fracture  toughness,  creep  rupture,  stress 
corrosion,  fatigue  crack,  tensile  properties,  compressive 
properties,  thermal  expansion,  bearing  strength 


21.  The  State  of  the  Science  and  Art  of  Powder  Metallurgy 

Lenel,  F.  V.,  Ansell,  G.  S. 

J  Met  34  (2),  17-29,  1982  (  AD-D124  400  ) 

Key  Words:  beryllium,  MAR-M200,  Ti-6A1-4V,  MA67,  MA6000E,  steel,  tensile 
properties,  sintering 


22.  Rapidly  Solidified  (RS)  Aluminum  Alloys-Status  and  Prospects 
Author  Anon 

National  Materials  Advisory  Board  (NAS-NAE),  Washington  DC 
Rept  No  :  NMAB-368,  130pp„  1981  (  AD-B058  007L  ) 

Key  Words:  AA  7475,  MA67,  MA87,  AA  2124.  A  A  7075,  extrusion,  rapid 
solidification,  dendrite  structure 


23.  Al  and  Mg  Alloys  for  Aerospace  Applications  Using  Rapid  Solidification  and  Powder 
Metallurgy  Processing 

Fraser,  H.  L. 

Department  of  Materials  Science  and  Engineering,  Illinois  University  at  Urbana 

Annual  Technical  Report  Number  Two 

Rept  No  :  AFOSR-TR-87-1584,  89  pp..  1981  (  AD-A187  953  ) 

Key  Words:  A!-8Fe-2Mo,  Mg-20Gd,  Mg- 1 Si,  Mg-2Si.  Mg-3Si,  Mg-4Si,  Mg-5Si. 

Mg-8Si,  Mg-5Li,  Mg- 1 2Li,  Mg-5Li-5Si,  Mg-8Li-5Si,  Mg- 1 2Li-5Si. 
aerospace  applications,  rapid  solidification,  melt  spinning, 
tensile  properties,  precipitation,  solution  heat  treatment 
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RSR-A  Frontier  in  Materials 

Tortolano.  F.  W. 

Design  News  37  (8).  34-6,  1981  (  AD-D121  254  ) 

Key  Words:  AA  7075-T6,  AA  2014,  turbine  components,  creep  rupture,  tensile 
properties,  fatigue,  rapid  solidification,  cost 


Aluminum  Powder  Metallurgy  Technology  for  High  Strength  Applications 

Pickens.  J.  R. 

J  Mater  Sci  16  (6),  1437-57,  1981  (  AD-D121  608  ) 

Key  Words:  AA  3003,  AA  5083,  AA  2024-T4,  AA  7075-T6.  AA  2024-T3510.  A  A 

7075-T6510,  MA67,  MA87.  IN9051.  AA  7075-T73,  AA  7475-T65 1 ,  AA 
7475-T735 1 ,  AA  7050-T365 1 ,  AA  7050-T65 1 .  AA  7050-T735 1 .  A  A 
2124-T851,  Al-4Ti,  A1  IFe,  degassing,  tensile  properties, 
fatigue,  fracture  toughness,  stress  corrosion 


Rapid  Solidification  Processing.  An  Outlook 

Cohen,  M.,  Kear,  B.  H.,  Mehrabian,  R. 

Massachusetts  Institute  of  Technology,  Cambridge.  MA 
Technical  Report  Number  Seven 
Contract  No  :  DARPA  Order-3751 
25  pp„  1980  (  AD-A088  473  ) 

Key  Words:  aluminum  alloys,  nickel  alloys,  microstructurc,  hot  extrusion, 
rapid  solidification 


Engineering  Data  for  New  Aerospace  Materials 
Dcel.  Omar 

Battelle  Memorial  Institute.  Columbus.  OH 
Final  Summary  Report 

Rcpt  No  :  AFW AL-7 R-80-4 1 03,  154  pp„  1980  (  AD-A098  520  ) 

Key  Words:  AA  7010-T73651,  Corona-5,  AA  A357-T6.  IN-792,  fatigue,  bearing 
strength,  tensile  properties,  thermal  expansion 


Progress  in  Powder  Metallurgy 

Dregcr.  D.  R. 

MachDes  50  (25),  116-21,  1978  (  AD-D!  14  032  ) 
Key  Words:  titanium,  aluminum,  density,  fabrication 


Powder  Forging 

Huppmann.  W.  J.,  Hirsciivogel.  M. 

Int  Mctall  Rev  23  (5).  200-39.  1978  (  AD-DI 14  204  ) 

Key  Words:  titanium  alloys,  aluminum  alloys,  nickel  alloys,  beryllium. 

porosity,  plasticity,  impact  strength,  tensile  properties, 
fatigue,  sintering,  cost,  preheating 


Hot  Isostatic  Processing 

Hanes,  H  D.,  Seifert.  D.  A.,  Watts,  C.  R. 

Metals  Information  Analysis  Center.  West  Lafayette,  IN 
Rcpt  No  :  MC1C-77-34.  101  pp„  1977  (  AD-A049  227  ) 

Key  Words:  T-l  1 1,  Ti-6AI-4V,  AA  A356-T61 ,  IN-738.  RF.NF'  80.  Udimct  700. 
IN-792,  welding,  tensile  properties,  pressure  bonding 


BERYLLIUM  AND  BERYLLIUM  ALLOYS 


Beryllium 


1.  Fracture  Toughness  of  CIP-HIP  Beryllium  at  Elevated  Temp 

Barker.  L.  M.,  Jones,  A.  H. 
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277 

Fc-30Ni 

Iron 

55 

Fc-3Al-5Si-1.5Ti 

Iron 

55 
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Fe-3C-l9Cr-l.5Ni-2Mo 

Iron 

192 

FeAl 

Intermetal  lies 

167 

GB-2 

Beryllium 

29 

GTD-ll! 

Nickel 

124,  243,  244 

H- 13  tool  steel 

Iron 

49 

H4! 

Iron 

54 

HA 8077 

Nickel 

244 

HIP  50 

Beryllium 

27 

HP  9-4-20  steel 

Iron 

52 

HS-31 

Cobalt 

35,  137 

HSS 

Iron 

53 

HY-130 

Iron 

192,  194,  277 

Hafnium 

Hafnium 

173.  269 

Hastclloy  X 

Nickel 

61. 62,  199.  200 

Haynes  188 

Cobalt 

186.  187 

Haynes  21 

Cobalt 

35 

Haynes  556 

Iron 

193 

Haynes  8077 

Nickel 

62,  63.  245 

IMI  318 

Titanium 

288 

I MI  550 

Titanium 

259 

IMI  679 

Titanium 

260 

IMI  685 

Titanium 

155,  260 

IMI  829 

Titanium 

154, 288 

IN- 100 

Nickel 

63-71.  201-204. 

IN  597 

Nickel 

124,  241.  245 

IN-718 

Nickel 

242 

IN-738 

Nickel 

71-73.  205  210. 

IN-782 

Nickel 

243 

IN  792 

Nickel 

73.  74.  210-212. 

IN-853 

Nickel 

127 

IN-935 

Nickel 

241 

IN  939 

Nickel 

124.  212.  2!  3 

IN905I 

Aluminum 

17.  19 

IN9052 

Aluminum 

'7 
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Incoloy  800 

Iron 

Incoloy  800H 

Iron 

Incoloy  825 

Nickel 

Incoloy  90 1 

Nickel 

Incoloy  903 

Iron 

Inconel  600 

Nickel 

Inconel  601 

Nickel 

Inconel  617 

Nickel 

Inconel  625 

Nickel 

Inconel  700 

Nickel 

Inconel  706 

Nickel 

Inconel  718 

Nickel 

Inconel  X-750 

Nickel 

Invar 

Iron 

Iron 

Iron 

JBK-75 

Iron 

JIS-SKH  10 

Iron 

JIS-SKH  51 

Iron 

Kanthal  A- 1 

Iron 

Kromarc  58 

Iron 

Lockalloy 

Beryllium 

M-l 

Iron 

M-10 

Iron 

M-2 

Iron 

M-21 

Nickel 

M-3 

Iron 

M-35 

Iron 

M-35S 

Iron 

M-36 

Iron 

M-4 

Iron 

M-42 

Iron 

M-50 

Iron 

M-7 

Iron 

M3608F 

Nickel 

MA6000 

Nickel 

MA67 

Aluminum 

MA753 

Nickel 

MA754 

Nickel 

MA757E 

Nickel 

MA87 

Aluminum 

276 

191 

285 

75,  213,  214.  285 

276, 278 
123,285 

244 

241, 244 

76.  214.  215.  284 
242. 243 

285 

76-79,  215-218.  279,  280 
123,  124.  126,  218,  219,  285 

278 

195 

55 

49 

49 

192,267 

276 

28,29 

51,53 

54 

39,40.  194.  195 

245 

52-54 

52 

53 
52 

48.  53 

54 

48.51 

54 

245 

79.  80.  240.  245 

18,  19 
122 

123,  125,  126 
245 

18,  19 
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MA956 

Iron 

40-42,  190 

MAR-M002 

Nickel 

190,  219,220,  284 

MAR-M004 

Nickel 

244 

MAR-M200 

Nickel 

80,  81,  220-222 

MAR-M246 

Nickel 

126.  127,  222 

MAR-M247 

Nickel 

122-124,  222,  223 

MAR-M250 

Iron 

42 

MAR-M432 

Nickel 

122,  124.  125,  127 

MAR-M509 

Cobalt 

31, 32.  185 

MC- 102 

Nickel 

245 

MERL  72 

Nickel 

240 

MERL  76 

Nickel 

82-87.  223.  224.  284.  285 

MPDC 

Beryllium 

28,  29 

MRC2001 

Iron 

46 

Maraging  300 

Iron 

42-44.  195 

Maraging(230) 

Iron 

52 

Maraging(250) 

Iron 

42 

Mg- 1 2Li 

Magnesium 

173 

Mg-  12Li-5Si 

Magnesium 

173 

Mg-lSi 

Magnesium 

173 

Mg-20Gd 

Magnesium 

173 

Mg-2Si 

Magnesium 

173 

Mg-3Si 

Magnesium 

173 

Mg-4Si 

Magnesium 

173 

Mg-5Li 

Magnesium 

173 

Mg-5Li-5Si 

Magnesium 

173 

Mg-5Si 

Magnesium 

173 

Mg-6AI-0.3Zr 

Magnesium 

295 

Mg-8Ai-0.2Zr 

Magnesium 

295 

Mg-8Si 

Magnesium 

173 

Mg-8Li-5Si 

Magnesium 

173 

Microcast  X 

Nickel 

242 

Mo-50Re 

Molybdenum 

267 

MoSi(2) 

Intermetallics 

166 

Molybdenum 

Molybdenum 

169.  170.  267 

Monel  400 

Nickel 

123.  285 

NASA  nB- 11 

Nickel 

87.  88.  245 
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NASA  IIB-7 

Nickel 

125,  243,  245,  284 

Nb(3)Al 

Intcrmetallics 

166 

Nb(3)Sn 

Intermctallics 

167 

Nb-lOHf 

Niobium 

170 

Nb-lZr 

Niobium 

267 

Nb-2ITi-I0Ai-I5Si 

Intcrmetallics 

264 

Nb-21Ti-25Si 

Intermetallics 

264 

Nb-25Ti- 1 2.5  Al-25Si 

Intermctallics 

264 

Nb-25Ti-12.5Ta-l2.5Al-25Si 

Intermetallics 

264 

NbAI(3) 

Intermetallics 

165,  166,  264 

Ni(3)Al 

Iniermetailics 

159,  160 

Ni-12Cr-l  !Al-5Co-3Ta-lW 

Nickel 

244 

Ni- 1 3A1 

Nickel 

284 

Ni- 1 5Cr- 1 7Co-5Mo-4Al-3Ti 

Nickel 

123 

Ni- 19  at  pet  AI-8.5  at  pet  Cr 

Intermetallics 

166 

Ni-30Fc 

Nickel 

121 

Ni-48  at  pet  A1 

Intermetallics 

291 

Ni-48  at  pet  Ai-2  at  pet  Nb 

Intermetallics 

291 

Ni-7Al-14Mo 

Nickel 

241 

Ni-8Co-8Cr- 1 2W-5  Al-4Ta 

Nickel 

121 

Ni-9Cr-15Co-5Ti 

Nickel 

241 

NiAl 

Intermetallics 

160.  161, 264.  291 

NiFe 

Intermetallics 

167.  264 

Nickel 

Nickel 

240.  284,  295 

Nimocast  242 

Nickel 

126 

Nimocast  263 

Nickel 

126 

Nimocast  80 

Nickel 

126 

Nimocast  PD21 

Nickel 

126,  242 

Nimocast  PE  10 

Nickel 

126 

Nimocast  PK24 

Nickel 

126 

Nimonic  105 

Nickel 

124,  126.  127.  225.  226.  284.  285 

Nimonic  108 

Nickel 

242.  243 

Nimonic  1 15 

Nickel 

126.  226. 227.284, 285 

Nimonic  263 

Nickel 

126 

Nimonic  75 

Nickel 

126.  240.  284.  285 

Nimonic  80 

Nickel 

88.  284 

Nimonic  80A 

Nickel 

126.  127,  240.  242,  245.  285 

Nimonic  81 

Nickel 

126 

Nimonic  90 

Nickel 

126.  127,224.  225.  285 

Nimonic  901 

Nickel 

123.  126 
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Nimonic  API 

Nickel 

104-117,  235-238,282,283 

Nimonic  PEI  1 

Nickel 

126 

Nimonic  PE  13 

Nickel 

285 

Nimonic  PE  16 

Nickel 

126 

Nimonic  PK3 1 

Nickel 

284 

Niobium 

Niobium 

170,  267 

P-21 

Beryllium 

29 

P-50 

Beryllium 

29 

PI 

Beryllium 

28 

PA  101 

Nickel 

122,  123 

PM  2000 

Iron 

48 

PWA  1422 

Nickel 

244 

PWA  1480 

Nickel 

122,  227 

Pyromet  3 1 

Nickel 

125 

Pyromet  7 1 8 

Nickel 

76-79.  215-218,  279,  280 

Pyromet  CTX-I 

Iron 

195 

Pyromet  X-15 

Iron 

275 

RA-333 

Nickel 

241 

RENE’  100 

Nickel 

242,  243 

RENE'  120 

Nickel 

124.232 

RENE'  125 

Nickel 

124,  243 

RENE'  150 

Nickel 

102-104.223.234 

RENE' 41a 

Nickel 

122 

RENE’  77 

Nickel 

104-117,  235-238,282,283 

RENE'  80 

Nickel 

88,  228.  229.  284 

RENE'  80H 

Nickel 

240 

RENE'  95 

Nickel 

89-102,  229-232,  280.  281 

RR242 

Beryllium 

28 

RR243 

Beryllium 

28 

Rex  25 

Iron 

50,  52 

Rhenium 

Rhenium 

267 

S-200 

Beryllium 

29 

S-65 

Beryllium 

28 

S45C 

Iron 

276 

SKH55 

Iron 

53 

SKI-157 

Iron 

53 

SP-200 

Beryllium 

29 

S  P-350 

Beryllium 

29 
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Sm(5)Co 

Intermetallics 

167 

3inCo(5) 

Intermetallics 

167 

Stellite  1 

Cobalt 

34 

Stellite  12 

Cobalt 

34 

Stellite  21 

Cobalt 

34,  35 

Stellite  6 

Cobalt 

32,  33,  296 

Supral  100 

Aluminum 

179 

Supral  150 

Aluminum 

179 

Supral  220 

Aluminum 

179 

T-  111 

Tantalum 

267,  293 

T-15 

Iron 

44.  45 

T-6 

Iron 

49 

T30 

Beryllium 

28 

TAZ-8A 

Nickei 

125 

TD-nickel 

Nickel 

127 

TM-321 

Nickel 

122 

TMP-1 

Nickel 

121 

TMP-10 

Nickel 

121 

TMP-1 1 

Nickel 

121 

TMP-1 5 

Nickel 

121 

TMP-2 

Nickel 

121 

TMP-3 

Nickel 

121,  122 

TMP-4a 

Nickel 

121 

TMP-7 

Nickel 

122 

TMP-9 

Nickel 

121 

TRW  NASA  VI  A 

Nickel 

125, 126 

T7.M 

Molybdenum 

267 

Ta(2)Al(4) 

Intermetallics 

166 

Ta-lOw 

Intermetallics 

267 

TaAI(3) 

Intermetallics 

166 

Tantalum 

Tantalum 

171,267 

Ti(2)Be(17) 

Intermetallics 

166 

Ti(3)Al 

Intermetallics 

161.  162.264.  265 

Ti(5)Si(3) 

Intermetallics 

260 

Ti-iOAl 

Titanium 

154 

Ti-IOMo-6Cr-2.5Ai 

Titanium 

290 

Ti-IOMo-8V-2.5Al 

Titanium 

290 

Ti-IOV-2Fe-3Al 

Titanium 

153.  154,  260.  290 

Ti-12AI-l9Nb 

Titanium 

265 
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Ti-13Al-20Nb 

Titanium 

167.265 

Ti- 1 5  Al-3Cr-3  Al-3Sn 

Titanium 

260. 290 

Ti-  15V-3Cr-3Al-3Sn 

Titanium 

155.  156,  259.  290 

Ti-16Al-10Nb 

Titanium 

262, 290 

Ti- 17 

Titanium 

156.  157 

Ti-18Zr-4.5Si 

Titanium 

260 

Ti-2.5  Al- 1 3  V-7Sn-2Zr 

Titanium 

261 

Ti-2.5Al-5.5Er 

Titanium 

260 

Ti-24A1-1  INb 

Intermetallics 

165.264 

Ti-25  Al- 1  ONb-3  V- 1  Mo 

Intermetallics 

165,264 

Ti-2A1-1 1  V-2Sn-l  IZr 

Titanium 

261 

Ti-2Er 

Titanium 

259 

Ti-32Al-5Nb-5W 

Titanium 

265 

Ti-36Al-5Nb 

Titanium 

265 

Ti-4.5AI-5Mo-l.5Cr 

Titanium 

289 

Ti-48  at  pet  Al-l  at  pet  V 

Intermetallics 

165.  264 

Ti-48  at  pet  Al-2  at  pet  Nb-2  at  pet  Cr 

Intermetallics 

263,291 

Ti-48  at  pet  Al-2. 5  at  pet  Nb 

Intermetallics 

166,  263,  291 

Ti-50  at  pet  Al-2  at  pet  Nb 

Intermetallics 

166 

Ti-5A1 

Titanium 

289 

Ti-5Al-2.5Fe 

Titanium 

154 

Ti-5A!-2.5Sn 

Titanium 

131,260 

Ti-5Al-2.5Sn-IB 

Titanium 

260 

Ti-5Al-2.5Sn-2Y 

Titanium 

260 

Ti-5Al-2.5Sn-3Ce 

Titanium 

260 

Ti-5Al-2Cr-lFe 

Titanium 

154 

Ti-5  Al-2Si 

Titanium 

260 

Ti-5Al-2Sn-2Zr-4Cr-4Mo 

Titanium 

156,  157,  261 

Ti-5Al-4Zr-2.5Sn-3La 

Titanium 

260 

Ti-5Sn-3Y 

Titanium 

260 

Ti-5Sn-4.5La 

Titanium 

260 

Ti-6.5Si 

Titanium 

260 

Ti-6A1 

Titanium 

155 

Ti-6Al-2Sn-2Zr-2Mo-2Cr 

Titanium 

261 

Ti-6Al-2Sn-4Zr-2Mo 

Titanium 

131.  132.  247,248.290 

Ti-6Al-2Sn-4Zr-6Mo 

Titanium 

132,  133,248,  249 

Ti-6Al-2Zn-2Sn-2Mo-2Cr 

Titanium 

157 

Ti-6A1-4V 

Titanium 

133-149,  249-257,  287,  288 

Ti-6Al-4V-2Si 

Titanium 

260 

Ti-6Al-6V-2Sn 

Titanium 

150-153,  257,  258,  289 

Ti-6Al-6V-2Zr 

Titanium 

156 

Ti-6Al-6Zr-6Mo 

Titanium 

156 

Ti-7Mo-4Cr-2.5Al 

Titanium 

290 

Ti-8Al-lMo-lV 

Titanium 

154,  262 

Ti-8Mo-2.5Al-1.5B 

Titanium 

260 

31 1 


MATERIAL 


ALLOY 


PAGE(S) 


Ti-8Zr-3.5Al-3.5Si 

Titanium 

260 

TiAl 

Intermetallics 

162-164.  291 

TiBe(12) 

lntcrmetallics 

166 

TiFe 

Intermetallics 

165 

TiNi 

Intermetallics 

166 

Titanium 

Titanium 

129,  130.247,  289 

Transage  129 

Titanium 

261 

Transage  134 

Titanium 

260.  261 

Transage  175 

Titanium 

258,  259 

Tungsten 

Tungsten 

171,  172.  267 

Udimet  500 

Nickel 

127,234,  235 

Udimet  520 

Nickel 

124,  126,  242,243 

Udimet  700 

Nickel 

104-117,235-238,282,  283 

Udimet  710 

Nickel 

127,  245 

Udimet  720 

Nickel 

121.241,245 

VT5L 

Titanium 

260 

Vascomax  300 

Iron 

42-44,  195 

W-0.5HfC 

Tungsten 

267 

W-lOCu 

Tungsten 

267 

W-2Th02 

Tungsten 

267 

W-30Re-20Mo 

Tungsten 

267 

W-4Re 

Tungsten 

267 

WAZ-D 

Nickel 

245 

WAZ20 

Nickel 

245 

WC-103 

Niobium 

170 

Waspaloy 

Nickel 

118-120,  239,  240,283 

X  225  CrVMo  13  4 

Iron 

277 

X-40 

Cobalt 

33,34.  186 

X-45 

Cobalt 

33.  34.  186 

X-520 

Beryllium 

27 

ZhS6-K 

Nickel 

121,241 

Zircaloy 

Zirconium 

269 

Zirconium 

Zirconium 

173,  269 

Zr-2.5Nb 

Zirconium 

269 
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Acceptance  Tests 

Acoustic  Emission 

Activation  Energy 

Aerospace  Applications 

Age  Hardening 

Aircraft  Engines 

Aircraft  Structures 

Airfoils 

Airframes 

Alloy  Development 

Alpha  Alloys 

Aluminides 

Amorphous  Alloy 

Anisotropy 

Annealing 

Arc  Melting 

Arc  Spraying 

Arc  Welding 

Artificial  Intelligence 

Atomization 

Attrition 

Auger  Electron  Spectroscopy 
Austenitizing 

Ball  Bearings 
Ball  Milling 
Ballistic  Tests 
Bearing  Strength 
Bend  Properties 
Beta  Processing 
Bimeiai  Component 
Blade  Life 
Boeing  757 
Bonding 
Brazing 
Brittle  Fracture 
Buckling  Strength 
Burst  Test 
Butt  Weld 

Casting 

Cavitation  Corrosion 
Ceracon  Processing 
Charpy  Impact 
Chemical  Milling 
Cladding 
Cleavage 


Coating 
Cold  Drawing 
Cold  Pressing 
Combustion  Synthesis 
Combustor  Liners 
Compaction 
Compliance  Tests 
Compression  Tests 
Compressive  Properties 
Compressor  Components 
Compressor  Discs 
Computer  Model 
Consolidation 
Contour  Rolling 
Control  Systems 
Corrosion  Protection 
Corrosion  Resistance 
Corrosion-Fatigue 
Corrosive  Environment 
Crack  Arrest 
Crack  Closure 
Crack  Detection 
Crack  Growth  Rate 
Crack  Initiation 
Crack  Nucleation 
Crack  Propagation 
Creep  Deformation 
Creep  Properties 
Creep  Rupture  Strength 
Creep  Test 
C.yst.,1  Orientation 
Cutting  Tools 
Cyclic  Aging 
Cyclic  Loading 
Cyclic  Test 

Damage  Tolerance 
Defects 

Dendrite  Structure 

Densification 

Density  Sensors 

Design 

Development 

Diagram 

Die  Forging 

Differential  Thermal  Analysi 
Diffraction 
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Diffusion  Bonding 
Diffusion  Brazing 
Diffusion  Welding 
Diffusivity 

Dimensional  Stability 
Dislocation  Density 
Dislocation  Mechanism 
Dispersion  Hardening 
Dispersion  Strengthening 
Dispcrsoids 
Dissimilar  Joining 
Drilling 

Ductile  Fracture 
Dynamic  Rccrystallization 

Elastic  Modulus 

Elastic  Properties 

Electrode  Arc  Melting 

Electron  Beam  Evaporation 

Electron  Beam  Melting 

Electron  Beam  Welding 

Electron  Microprobe  Analysis 

Electroslag 

Elongation 

Embrittlement 

Engine  Components 

Epitaxial  Growth 

Erosion 

Erosion  Resistance 
Etching 

Explosive  Comp^tion 
Extrusion 

F-101  Aircraft 
F- 14  Aircraft 
F-]4a  Aircraft 
F- 1 5  Aircraft 
F- 1 8  Aircraft 
F- 1 8a  Aircraft 
Fabricated  Defects 
Fan  Blades 
Fatigue 
Fatigue  Crack 
Fatigue  Crack  Growth 
Fatigue  Life 
Fatigue  Properties 
Fatigue  Strain 
Fatigue  Stress 
Finite  Element  Analysis 
Flexural  Properties 


Flow  Properties 
Flow  Stress 
Forging 
Fractogruphy 
Fracture 
Fracture  Defects 
Fracture  Mechanics 
Fracture  Path 
Fracture  Prevention 
Fracture  Strain 
Fracture  Toughness 
Fuselage 

Gamma  Prime  Phase 
Gas  Atomization 
Gas  Tungsten  Arc  Welding 
Gatorizing 

Grain  Boundary  Diffusion 
Grain  Boundary  Segregation 
Grain  Boundary  Sliding 
Grain  Growth 
Grain  Refinement 
Granular  Fracture 
Gun  Barrels 
Gun  Metal 
Gun  Tubes 

Hip  Maps 

Hall-Petch 

Hammer  Forging 

Hardening 

Hardness 

Heat  Treatment 

Helicopters 

Holography 

Homogenizing 

Hot  Compression  Test 

Hot  Corrosion 

Hot  Cracking 

Hot  Extrusion 

Hot  Forging 

Hot  Pressing 

Hot  Rolling 

Hot  Working 

Hydriding 

Hydrogen  Embrittlement 
Hydrogen  Environment 
Hydrogen  Power  Generation 
Hydrostatic  Compaction 
Hydrostatic  Extrusion 
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Impact  Properties 
Impact  Strength 
Impact  Tests 
impact  Toughness 
Inclusions 
Ingot  Metallurgy 
Injection  Mi,1''  .g 
Intensity 
Intrrdiffusion 
Intergranular  Fracture 
Investment  Casting 
Ion  Implantation 
Ion  Plating 

Ion  Vapor  Deposition 
Isothermal  Forging 
Isothermal  Process 

Jet  Engines 
Joining 

Lap  Shear  Strength 
Larsen-Miller  Curves 
Laser  Machining 
Lattice  Parameters 
Liquid  Sintering 
Long  Term  Tests 

Machinability 

Machine  Tools 

Manufacturing  Process 

Martensitic  Transformation 

Materials  Comparison 

Mathematical  Model 

Mechanical  Alloying 

Mechanical  Attritioning 

Mechanical  Properties 

Melt  Spinning 

Melting  Point 

Metal  Injection  Molding 

Metallography 

Microcracking 

Microcreep 

Microhardness 

Microporosity 

Microprobe  Analysis 

Microscopy 

Microsegregation 

Microstructure 

Milling 

Mirror 


Modelling 

Modulus  Of  Elasticity 

Molding 

Morphology 

Nacelle 

Near  Net  Forming 

Near  Net  Shape  Forming 

Neutron  Scattering 

Nondestructive  Testing 

Nonsuperconducting  Generators 

Nose  Cones 

Notch  Fatigue 

Notch  Properties 

Notch  Rupture  Strength 

Notch  Sensitivity 

Notch  Strength 

Notch  Toughness 

Nozzles 

Nuclear  Reactor 

Optica!  Microscopy 
Oxidation  Resistance 
Oxide  Dispersion  Strengthening 
Oxide  Dispersoids 

Pep 

Particle  Size 
Performance 
Permeability 
Phase  Diagram 
Phase  Transformation 
Pitting 

Plasma  Arc  Melting 
Plasma  Deposition 
Plasma  Spheroidization 
Plasma  Spraying 
Plastic  Deformation 
Plastic  Strain 
Poisson's  Ratio 
Pore  Structure 
Porosity 

Powder  Metallurgy 
Powder  Size 
Prealloying 

Precipitation  Hardening 
Press  Forging 
Pressure  Bonding 
Pressure  Components 
Pressure  Effect 
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Pressure  Tube 
Pressure  Vessels 
Pressureless  Sintering 
Process  Conditions 
Production 
Projectiles 

Properties  Improvements 

Quenching 

Rapid  Solidification 
Rare  Earth  Dispersoids 
Re-Entry  Vehicles 
Reaction  Sintering 
Reactive  Hipping 
Rccry stall  i/ation 
Reduction  In  Area 
Rejuvenation 
Reliability 
Remelting 
Repair  Technique 
Repair  Welding 
Replica  Technique 
Residual  Stress 
Rheocasting 
Ring  Rolling 
Roll  Bonding 
Rotor  Blades 
Rupture  Modulus 
Rupture  Strength 

Sand  Casting 

Scrap  Reciaimation 

Seam  Welding 

Segregation 

Sensitivity 

Service  Life 

Shear  Forming 

Shear  Properties 

Shear  Strength 

Shear  Stress 

Shear  Tests 

Shock  Loading 

Shock  Wave  Processing 

Shot  Pcening 

Shrinkage 

Single  Crystals 

Sintering  Temperature 

Si/c  Distribution 

Skull  Melting 


Sliding  Friction 

Solidification 

Solution  Hardening 

Solution  Heat  Treatment 

Sour  Gas  Wells 

Space  Shuttle 

Spacecraft 

Spalling 

Specifications 

Spheroidizing 

Spin  Test 

Splat  Quenching 

Spray  Forming 

Sputtering 

Stability 

Strain  Rate  Dependence 
Strain  Rate  Sensitivity 
Strengthening 
Stress  Analysis 
Stress  Corrosion 
Stress  Cracking 
Stress  Intensity 
Stress  Intensity  Factor 
Stress  Relaxation 
Stress  Relieving 
Stress  Rupture 
Stress-Strain 
Structural  Parts 
Sulfidation 
Superalloys 
Superplastic  Forging 
Superplasticity 
Surface  Defects 
Surface  Layers 
Surface  Penetration 
Surface  Roughness 
Swaging 


T63  Turbine  Components 
T700  Engine 
Tmp- 10.  Tmp  1  1 
Temperature  Effect 
Tempering 
Tensile  Behavior 
Tensile  Creep 
Tensile  Powder 
Tensile  Properties 
Tensile  Strength 
Tensile  Yield  Strength 
Testing 
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Texture 

Thermal  Analysis 
Thermal  Cycling 
Thermal  Expansion 
Thermal  Exposure 
Thermal  Fatigue 
Thermal  Processing 
Thermal  Properties 
Thermal  Shock 
Thermal  Stability 
Thermally  Induced  Porosity 
Thermomechanical  Treatment 
Thermomechanics 
Thin  Film 
Three  Point  Bend 
Threshold  Stress 
Tool  Life 
Tooling 
Toughness 

Transformation  Toughening 
Transgranular  Fracture 
Transus  Temperature 
Transverse  Rupture 
Tribaioy 

Tungsten  Arc  Welding 
Tungsten  Coating 
Turbine  Components 
Turbofan  Engine 
Twinning 

Uh-60a  Black  Hawk 
Ultrasonic  Cleaning 
Ultrasonic  Properties 
Ultrasonic  Testing 
Unidirectional  Solidification 

Vacuum  Annealing 
Vacuum  Arc  Melting 
Vacuum  Degassing 
Vacuum  Deposition 
Vacuum  Induction 
Vacuum  Melting 
Vacuum  Plasma  Spraying 
Vanes 

Vapor  Deposition 
Viscous  Flow 


Wear  Resistance 
Wear  Tests 
Weight  Change 
Weight  Reduction 
Weld  And  Post  Weld 
Weldability 
Welding 

Work  Hardening 

X-Ray  Diffraction 
Xm-785  Projectile 

Yield  Properties 

Zero  Gravity  Environment 


Water  Atomization 
Wear  Fatigue 
Wear  Rate 
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